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Detailed Description Text - DETX (13) : 

The electronic engine control device 7 6 shown in FIG. 3 
is a so-called 

microcomputer incorporating a central processing unit 
(CPU) , a random-access 

memory (RAM) , a read-only memory (ROM) , and an input and 
output interface. The 

CPU operates to process input signals according to control 
programs stored in 

the ROM, while utilizing a temporary data storage function 
of the RAM. The 

control programs include: a program for controlling a fuel 
injection 79 for 

controlling the amount of fuel injection into the engine 
10; a program for 

controlling an ignitor 80 for controlling the ignition 
timing of the engine 10; 

a program for controlling the ISC valve 53 for controlling 
the idling speed of 

the engine 10; and a program for controlling the throttle 
actuator 54 for 

performing a traction control by controlling the output of 
the engine 10, 

irrespective of the operating amount A. sub. cc of the 
accelerator pedal 50, so 

as to prevent excessive slipping of the drive wheels during 
starting and 

acceleration of the vehicle . The control programs executed 
by the engine 

control device 7 6 further include a program for controlling 
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the throttle 

actuator 54 on the basis of the operating amount A. sub. cc 
of the accelerator 

pedal 50 and according to a predetermined relationship 
between the operating 

amount A. sub.cc and the opening angle . theta . . sub . TH of the 
throttle valve 56. 

This relationship, which is stored in the ROM, is 
formulated such that the 

opening angle .theta. .sub. TH of the throttle valve 56 
increases with an 

increase in the operating amount A. sub.cc, as indicated by 
the graph of FIG. 6, 

by way of example. The control programs further include a 
program for 

controlling the throttle valve 56 to effect an engine 
output increase control 

for temporarily increasing the output of the engine 10, for 
the purpose of 

improving an acceleration response of the vehicle when the 
operating amount 

A. sub.cc of the accelerator pedal 50 is increased to 
accelerate the vehicle 

during coasting of the vehicle with the automatic 
transmission 14 placed in the 

"lst-speed position "1st" which has been selected as a 
result of a shift-down 

action of the automatic transmission 14. The engine 
control device 7 6 is 

connected to the transmission control device 78, such that 
each of these 

control devices 76, 78 can receive required signals or data 
from the other 
control device. 



Detailed Description Text - DETX (20) : 

To determine whether the conditions (l)-(5) have been 
satisfied or not, the 

control initiating condition determining means 102 
incorporates accelerator 

operation detecting means 104, first input shaft speed 
determining means 10 6, 

shift-down completion determining means 108, 
pre-shift-up- initiation 

determining means 110, and vehicle acceleration determining 
means 112. The 
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accelerator operation detecting means 104 is arranged to 
determine whether the 

accelerator pedal 50 has been depressed to accelerate the 
vehicle during 

coasting of the vehicle with the automatic transmission 14 
placed in the 

Ist-speed position "1st". This determination is effected 
on the basis of the 

detected operating amount A.sub.CC of the accelerator pedal 
50, the detected 

opening angle . theta . . sub . TH of the throttle valve 56 or 
the output signal of 

the idling detector switch of the throttle sensor 64. 
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(57) ABSTRACT 

Vehicle control apparatus for effecting cooperative control 
of an automatic transmission and a drive power source 
which produces an output to drive the vehicle through the 
automatic transmission, the automatic transmission incor- 
porating a frictional coupling device which is engaged to 
place the automatic transmission in a power transmitting 
state, during power driving of the vehicle with the output of 
the drive power source, and is released to place the auto- 
matic transmission in a power disconnecting state, during 
coasting of the vehicle. The apparatus includes a device for 
determining whether a control initiating condition required 
to initiate an output increase control for temporarily increas- 
ing the output of the drive power source is satisfied or not, 
depending upon whether an operation to accelerate the 
vehicle is performed during the vehicle coasting while the 
frictional coupling device is placed in a released state, and 
a device which is operated when the control initiating 
condition is satisfied, for effecting the output increase con- 
trol such that the output of the drive power source is larger 
by a predetermined amount than when the output increase 
control is not effected. 

11 Claims, 10 Drawing Sheets 
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FIG. 2 
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FIG. 10 
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APPARATUS FOR INCREASING VEHICLE mission in a power disconnecting state, during coasting of 

DRIVE POWER SOURCE OUTPUT UPON vehicle, the cooperative control apparatus comprising: 

ACCELERATOR REDAL OPERATION control initiating condition determining means for determin- 

DURING VEHICLE COASTING WITH m S whether a control initiating condition required to initiate 

AUTOMATIC TRANSMISSION IN 5 an 0Ul P ut increase control for temporarily increasing the 

RELEASED STATE output of the drive power source is satisfied or not, depend- 
ing upon whether an operation to accelerate the vehicle is 

BACKGROUND OF THE INVENTION performed during the coasting of the vehicle while the 

frictional coupling device is placed in a released state; and 

1. Field of the Invention 1Q output increase control means operable when the control 
The present invention relates to a cooperative control initiating condition determining means determines that the 

apparatus adapted to effect cooperative control of an auto- control initiating condition is satisfied, for effecting the 

matk transmission incorporating a frictional coupling output increase control such that the output of the drive 

device which is engaged during power driving of the vehicle power source is larger by a predetermined amount than when 

and released during coasting of the vehicle, and an engine 15 the output increase control is not effected, 

whicb generates a power to drive the vehicle through the In the cooperative control apparatus of the present inven- 

automatic transmission. tion constructed as described above, the output of the drive 

2. Discussion of the Related Art P ower is made larger by the predetermined amount 

rr- • i . u* i u bv the output increase control means when the control 

There is known an automotive vehicle having an auto- . . 7 / . . " ' ~y [ . A , 

matic traDsmission equipped with a frictional coupling 20 gating determining means determines that the control 

device such as a one-way clutch, which is placed in its miUatl °g condiUon K sattsfie4 upon an operation to accel- 

• . , « • j • • r u - 1 -a. erate the vehicle during coasting of the vehicle with the 

engaged state during power driving of the vehicle with an ... . .. . * . , B t . , . 4 4 4U 

& . « » * , . .f , « . . • frictional couphng device placed m the released state, than 

engine power and is placed in its released state during , * * f j . - - a 

^ r # . . • , * M . ;„k;k;* k^i^«« when the control initiating determining means does not 

coastmg or the vehicle so as to inhibit engine braking while au- « a 

a shift lever is placed in a drive position V. for instance. 25 ^ermine that the control miUaUng condition is satisfied. 

An example of such a vehicle is dLlosed in JP-A-3-117763. ™ e "" CTease ls f e f c * ve l ° ^duce the time 

, required for the input shaft speed of the automatic transmis- 

In an automotive vehicle having an automatic transmis- sjon to be faised to the synchronizi ng speed which is a 

sion equipped with a frictional couphng device as described product of me output shaf , spced ^ me speed ratio of the 

above, there arises a large difference between the input currentiy established forward drive position of the automatic 

speed of the automatic transmission and the synchronizing transmission during the vehicle coasting. Accordingly, the 

speed (which is the output speed multiplied by the currently ou[ , ^ reduces me accelerating response 

established speed ratio of the automatic transmission), time &om the moment of the vehicle accelerating operation 

immediately after a shift-down action of the automatic to me moment of engagement of the frictional coupling 

transmission which takes place due to a drop of the running device , Q enable me automatic transmission to transmit the 

speed of the vehicle during a coastmg run as a result of a vebicle driye f> w , hat me drivability of the veh i cle as 

releasing operation of the accelerator pedal toward its non- feJt b , he vebicle op6titot & improved, 

operated or engine-idling position The large speed differ- Iq oQe ferre(J form Qf (bjs to frictiona ] 

ence indicated above requires a relatively long time for die ^ devfce fa a Qn clutcb wbich fc laced m m 

input jpeed of the automatic transmission to nse to the e ^ | state durin me wer of tbe vebicle> and 

synchronizing speed when the accelerator pedal » again fe ^ m ^ ^ wben m { sbaft d of 

depressed to accelerate the vehicle. Accordingly, the fine- ^ transmission k bwer m J a syncbT o^zing 

banal coupling device requires a long response time, which - s a rf m ^ d rf ^ 

namely, it takes a long time for the frictional couphng device teansm 4 ion and , ^ ratio of , 

to be engaged to transmrt the engine power to the : vebicfc 6Stablished forward drivc ition of lhc automatic frans . 

dnve wheels unfavorably res^tmg m deteriorated dnvabd- mission one mechanically constructed 

ity of the vehicle as felt by the vehicle operator. such ^ ^ Qne . way ^ ^ automaticaliv engaged when 

SUMMARY OF THE INVENTION a P° wer ^ transmitted from the drive power source to drive 

wheels of the automotive vehicle, and is automatically 

It is therefore an object of the present invention to provide 50 released when a power is transmitted in the reverse direc- 

a cooperative control apparatus for controlling an automatic tion. In this form of the invention, the one-way clutch need 

transmission and an engine of an automotive vehicle, which not be electrically controlled to place this one-way clutch in 

apparatus permits the engine power to be transmitted to the the released state. 

vehicle drive wheels in a relatively short time after an lo another preferred form of this invention, the output 

operation of the accelerator pedal to accelerate vehicle 55 increase control means increases the output of the drive 

following a coasting run of the vehicle. power source such that an input shaft speed of the automatic 

The above object may be achieved according to the transmission in the process of increase of the output of the 

principle of the present invention, which provides a coop- drive power source does not exceed a synchronizing speed 

erative control apparatus for controlling an automotive which is a product of an output shaft speed of the automatic 

vehicle, so as to effect a cooperative control of an automatic 60 transmission and a speed ratio of a currently established 

transmission and a drive power source which produces an forward drive position of the automatic transmission. This 

output to drive the vehicle through the automatic form of the invention does not suffer from a rapid reduction 

transmission, the automatic transmission incorporating a in the rate of increase of the input shaft speed of the 

frictional coupling device which is engaged to place the automatic transmission upon engagement of the frictional 

automatic transmission in a power transmitting state, during 65 coupling device, so that an otherwise possible engaging 

power driving of the vehicle with the output of the drive shock of the frictional coupling device can be suitably 

power source, and is released to place the automatic trans- avoided. 
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In a further preferred form of this invention, the output 
increase control means increases the output of the drive 
power source such that the output is kept increased while an 
input shaft speed of the automatic transmission is not higher 
than a synchronizing speed which is a product of an output 
shaft speed of the automatic transmission and a speed ratio 
of a currently established forward drive position of the 
automatic transmission. In this form of the invention, the 
input shaft speed of the automatic transmission can be 
rapidly raised to a value close to the synchronizing speed, 
whereby the accelerating response of the vehicle can suit- 
ably be improved. 

In a yet further preferred form of this invention, the 
control initiating condition determining means includes 
input shaft speed determining means for determining 
whether an input shaft speed of the automatic transmission 
is lower than a synchronizing speed minus a predetermined 
first value, the synchronizing speed being a product of an 
output shaft speed of the automatic transmission and a speed 
ratio of a currently established forward driw position of the 
automatic transmission. The output increase control means 
continues to increase the output of the drive power source 
while the input shaft speed determining nutans determines 
that the input shaft speed is lower than the synchronizing 
speed minus the predetermined first value. In this form of the 
invention, the control initiating condition determining 
means does not determine that the control initiating condi- 
tion is satisfied, when the input shaft speed is not lower than 
the synchronizing speed minus the predetermined first value. 
This form of the invention is effective to avoid an unnec- 
essary operation to increase the output of the drive power 
source, and assure the initiation of the output increase 
control of the drive power source immediately before the 
input shaft speed of the automatic transmission has reached 
the synchronizing speed, so that an engaging shock of the 
automatic transmission can be suitably prevented. 

In a still further preferred form of the invention, the 
control initiating condition determining means includes 
includes shift-down completion determining means for 
determining whether a shift-down action of the automatic 
transmission which has been initiated before the operation to 
accelerate the vehicle during the coasting rfthe vehicle has 
been substantially completed. The control initiating condi- 
tion determining means determines that the control initiating 
condition is satisfied, when the shift-down completion deter- 
mining means determines that the shift-dbwn action has 
been substantially completed. In this form of the invention, 
the initiation of the output increase control of the drive 
power source can be avoided when the fractional coupling 
device which should be engaged to complete the shift-down 
action is still partially released or or slipping. 

In another preferred embodiment of tins invention, the 
control initiating condition determining means includes pre- 
shift-up-initiation determining means fcr determining 
whether a frictional coupling device which should be 
engaged to effect a shift-up action of the automatic trans- 
mission following a shift-down action of the automatic 
transmission which has been commanded before the opera- 
tion to accelerate the vehicle during the coasting of the 
vehicle has not been substantially engaged. The control 
initiating condition determining means determines that the 
control initiating condition is satisfied, when the pre -shift - 
up-initiation determining means determines that the fric- 
tional coupling device which should be engaged to effect the 
shift-up action has not been substantially engaged. In this 
form of the invention, the output increase control of the 
drive power source is effected even after the generation of a 
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command to shift up the automatic transmission, until the 
frictional coupling coupling device which should be 
engaged to effect the shift-up action has been substantially 
engaged. 

5 In a further preferred form of this invention, the control 
initiating condition determining means includes vehicle 
acceleration determining means for determining whether an 
acceleration value of the vehicle is lower than a predeter- 
mined lower limit, and determines that the control initiating 

10 condition is satisfied, when the vehicle acceleration deter- 
mining means determines that the acceleration value of the 
vehicle is lower than the predetermined lower limit. This 
form of the invention is effective to prevent the output 
increase control of the drive power source after the vehicle 

!5 has been sufficiently accelerated, for some reason or other. 
In a still further preferred form of this invention, the 
cooperative control apparatus further comprises control ter- 
minating condition determining means for determining 
whether a control terminating condition required to termi- 

20 nate the output increase control of the output of the drive 
power source is satisfied, the control terminating condition 
determining means including at least one of (a) time lapse 
monitoring means for determining whether a time lapse after 
a moment of initiation of an increase of the output of the 

25 drive power source has exceeded a predetermined maximum 
increase period, (b) input shaft speed determining means for 
determining whether an input shaft speed of the automatic 
transmission has been raised above a synchronizing speed 
minus a predetermined second value, the synchronizing 

30 speed being a product of an output shaft speed of the 
automatic transmission and a speed ration of a currently 
established forward drive position of the automatic 
transmission, and (c) accelerator non-operation detecting 
means for determining whether an accelerator pedal which 

35 has been depressed to perform the operation to accelerate the 
vehicle during the coasting of the vehicle has been returned 
to a non-operated position thereof, the control terminating 
means determining that the control terminating condition is 
satisfied, when at least one of the time lapse monitoring 

40 means, the input shaft speed determining means and the 
accelerator non-operation detecting means obtains an affir- 
mative decision, the output increase control means continu- 
ing the output increase control of the output of the drive 
power source until the control terminating condition deter- 

45 mining means determines that the control terminating con- 
dition is satisfied. In this form of the invention, the output 
increase control of the drive power source is restricted in 
terms of the time period of the output increase and the input 
shaft speed of the automatic transmission, and is prevented 

50 when the vehicle operator does not have an intention to 
accelerate the vehicle during its coasting run. 

In a yet further preferred form of this invention, the output 
increase control means increases the output of the drive 
power source by an amount up to a predetermined maximum 

55 amount at a predetermined rate, hold the output at the 
increased value for a period of time which is a difference of 
a predetermined maximum period of increase of the output 
minus a period of time for which the output has been 
increased by the predetermined maximum amount, and then 

60 reduce the output at a predetermined rate. This form of the 
invention is effective to avoid an abrupt increase or decrease 
in the intake air quantity of the drive power source, thereby 
preventing an increase in the concentration of noxious gases 
in the exhaust emission. This arrangement is particularly 

65 effective where the drive power source is an engine having 
a relatively large displacement, and a high tendency of air 
intake delay. 
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In a still another preferred form of this invention, the FIG. 11 is a time chart for explaining an operation of the 

output increase control means includes increase amount vehicle controlled according to the engine output increase 

determining means for determining a maximum amount of control routine of the flow chart of FIG. 10; and 

increase of the output of the drive power source depending FIG. 12 is a graph indicating a relationship between the 

upon a difference between a synchronizing speed and an 5 throttle valve opening angle and the accelerator pedal oper- 

input shaft speed of the automatic transmission, the syn- a ting amount, which is selected to control the throttle 

chronizing speed being equal to a product of an output shaft actuator for increasing the engine output, according to 

speed of the automatic transmission and a speed ratio of a another embodiment of this invention, 
currently established forward drive position of the automatic 

transmission, the output increase control means increasing 10 DETAILED DESCRIPTION OF THE 

the output of the drive power source by an amount up to the PREFERRED EMBODIMENTS 

maximum amount determined by the increase amount deter- Referring first to FIG. 1, there is schematically shown a 

mining means. In this form of the ; invention, the output of the f transmitting system of an automotive vehicle 

dnve power soiree is increased by an amount up to the { ^ ^ a coo C rative control apparatus constructed 

determined maximum amount determined by the increase is according t0 one embodiment of this invention. In FIG. 1, 

amount determining means. Accordingly, the output of the reference DUineral 10 den otes a drive power source in the 

dnve power source is increased by an appropriate amount form of m mtemal combustioa engirje 0 f an air-fuel mixture 

corresponding to the above-indicated difference, to assure a sucdon t Qr a &e | iajocdoa ty ^, or ^ cxtcraal 

sufficiently higfr degree of accelerating response of the tion me ^ t of ^ inc 10 is tnoSB ^ td t0 m 

vehicle while avoidmg a shock of the automatic transmis- 20 automatic transmission 14 through a torque converter 12, 

sion upon engagement of the factional coupling device. and tQ ^ wheeLs of the vehicle through a differeD tial gear 

BRIEF DESCRIPTION OF THE DRAWINGS device and drive axles ' 

The torque converter 12 includes: a pump impeller con- 
Hie above and other objects, features, advantages and nec ted to a crankshaft 16 of the engine 10; a turbine impeller 
tecrmiral and industrial significance of this invention will be 25 22 connected to an input shaft 20 of the automatic trans- 
better understood and appreciated by reading the following mission 14; a lock-up clutch 24 connecting the pump 
detailed description of presently preferred embodiments of impeller 18 and the turbine impeller 22; and a stator 28 
the invention, when considered in connection with the whose rotation in one direction is inhibited by a one-way 
accompanying drawing, in which: clutch 26 

30 

FIG. 1 is a schematic view illustrating a power transmit- The automatic transmission 14 includes a first transmis- 

ting system of an automotive vehicle including an engine s ion unit 30 having a high-speed position and a low-speed 

and an automatic transmission, which are controlled by a position, and a second transmission unit 32 having one 

cooperative control apparatus constructed according to one reverse drive position and five forward drive positions. The 

embodiment of this invention; 35 first transmission unit 30 includes: a high-low planetary gear 

FIG. 2 is a view indicating combinations of operating set 34 including a sun gear SO, a ring gear R0, and a 
states of various hydraulically operated frictional coupling planetary gear PO which is rotatably supported by a carrier 
devices provided in the automatic transmission of the K0 and which meshes with the sun gear SO and the ring gear 
vehicle of FIG. 1 in relation to operating positions of the R0; a clutch CO and a one-way clutch F0 which are con- 
automatic transmission; 40 nected between the sun gear SO and the carrier K0; and a 

FIG. 3 is a block diagram showing an electrical arrange- brake B0 connected between the sun gear SO and a housing 
ment of control devices for controlling the engine and 

automatic transmission of the vehicle of FIG. 1; The second transmission unit 32 includes: a first planetary 

FIG. 4 is a view for explaining the operating positions of S ear ^ 36 including a sun gear SI, a ring gear Rl, and a 

a shift lever for the automatic transmission; 45 planetary gear PI which is rotatably supported by a carrier 

FIG. 5 is a side elevational view of a steering wheel on £ and whic * meshes ^ the s ™ S } ™ d the rin S 

which are provided shift-up and shift-down switches shown R1 ! a second planetary gear set 38 mchidmg a sun gear S2, 

in FIG 3. a ruig gear R2, and a planetary gear P2 which is rotatably 

, , . , , . , A supported by a carrier K2 and which meshes with the sun 

FIG. 6 is a graph showing a relationship between an s2 and ^ rf ^ ^ a {hM ^ ^ 

operating amount of an accelerator pedal and an open- *, mcludiD a sun ^ & a ri r£ ^ a 7 f anet 

mg angle 6^ of a thrott e valve, which relationship is a p4 whicfa ^ ^ b a c ^ ^ and 

control charactenstic of a throttle actuator shown in FIG. 3; which meshcs ^ ^ SUQ gcaf 53 ^ ^ ^ geaf ^ 

FIG. 7 is a jjniph showing shift-up and shift-down , bound- ^ SUQ §1 and s2 above are connected 

ary lines used by an electronic transmission control device 55 ^ each wfafle me ^ cafrier ^ 

shown in FIG. 3, for controlhng a shifting operaUon of the M are ^^tcd integrally with each other. The 

automatic transmission; canier ^ fa connected to an output shaft 42 of thc automatic 

FIG. 8 is a block diagram illustrating functional means transmission 14. The ring gear R2 and the sun gear S3 are 

incorporated in the transmission control device of FIG. 3 for connected integrally with each other. A clutch CI is con- 

performing major control functions; 60 Dected between an integral unit of the ring gear R2 and the 

FIG. 9 is a graph indicating a relationship used by engine sun gear S3 and an intermediate shaft 44, while a clutch C2 

output increase determining means of the transmission con- is connected between an integral unit of the sun gears SI, S2 

trol device to determine a maximum amount of increase of and the intermediate shaft 44. Further, a brake Bl of band 

the opening angle of the throttle valve; type is provided on the housing 41 to inhibit rotation of the 

FIG. 10 is a flow chart illustrating an engine output 65 sun gears SI, S2, and a one-way clutch Fl and a brake B2 

increase control routine executed by the transmission control are connected in series with each other between the integral 

device of FIG. 3; unit of the sun gears SI, S2 and the housing 41 . The one-way 
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clutch Fl is adapted to be engaged when a torque is 50. Based on the detected operating amount of the 

transmitted to the sun gears SI, S2 so as to rotate these sun accelerator pedal 50, a throttle actuator 54 disposed in an 
gears in a direction opposite to the direction of rotation of intake pipe of the engine 10 is operated to control an opening 

the input shaft 20. angle d TH of a throttle valve 56. To control the idling speed 

A brake B3 is disposed between the carrier Kl and the 5 of the engine 10, there is provided an idling speed control 

housing 41, while a brake B4 and a one-way clutch F2 are valve 53 (ISC valve 53) in a by-pass passage 52 which 

disposed in parallel with each other between the ring gear R3 by-passes the throttle valve 56. The ISC valve 53 is adapted 

and the housing 41. The one-way clulch Fl is adapted to be to control an intake air quantity Q of the engine 10 while the 

engaged when a torque is transmitted to the ring gear R3 so throttle valve 56 is placed in the engine idling position, 

as to rotate this ring gear in the direction opp?site to the 10 Thus, the engine idling speed is controlled by the ISC valve 

direction of rotation of the input shaft 20. 53. 

The automatic transmission 14 coostructed as described The power transmitting system of the automotive vehicle 
above is selectively placed in one of the reverse drive uses various sensors including: an engine speed sensor 58 
position "Rev" and the five forward drive positions "1st", for detecting a speed N E of the engine 10; an intake air 
"2nd", "3rd", "4th" and "5th" which have respective differ- 15 quantity sensor 60 for detecting the intake air quantity Q of 
ent speed ratios, by controlling the operating states of the the engine 10; an intake air temperature sensor 62 for 
clutches CO, CI and C2, brakes B0, Bl, B2, B3 and B4 and detecting a temperature T^ of the intake air; a throttle sensor 
one-way clutches F0, Fl and F2, as indicated in the table of 64 which is adapted to detect the opening angle Q TIi of the 
FIG. 2 wherein white circles indicate the engaged state, throttle valve 56 and which is provided with an idling 
while the blanks indicate the released state, and black circles 20 detector switch for detecting that the throttle valve 56 is 
indicate the engaged state which is established when an placed in the engine idling position; a vehicle speed sensor 
engine brake is applied to the vehicle. It will be understood 66 for detecting a speed N OUT of the output shaft 42 of the 
from the table of FIG. 2 that an engix brake is applied to automatic transmission 14, to obtain a running speed V of 
the vehicle with the brake B4 placed in the engaged state, the vehicle; a coolant temperature sensor 68 for detecting a 
during coasting of the vehicle with an accelerator pedal 50 25 temperature T w of cooling water of the engine 10; a brake 
held in the non-operated position while the automatic trans- switch 70 for detecting an operation of a braking system; an 
mission 14 is placed in the lst-speed position "1st" (lowest input shaft speed sensor 73 for detecting a speed N w of the 
gear position) with a shift lever 72 pbced in one of engine input shaft 20 of the automatic transmission 14, that is, a 
braking positions, namely, in one of a MANUAL position speed N co of the clutch CO (i.e., speed N r of the turbine 
"M", a 3RD position "3", a 2ND position "2" and a LOW 30 impeller 22); a shift position sensor 74 for detecting a 
position "L". When the automatic transmission 14 is placed currently selected position ? SH of the shift lever 72; and an 
in the lst-speed position " 1st" with the shift lever 72 placed oil temperature sensor 75 for detecting a temperature T OIL of 
in a DRIVE position "D", the brake B4 is placed in the a working fluid in a hydraulic control circuit 84 for the 
released state, so that a slipping action of the one-way clutch automatic transmission 14. Signals representative of the 
F2 and a racing or non-load rotation of the ring gear G4 are 35 engine speed N^, intake air quantity Q, intake air tempera- 
permitted, whereby power is not transmitted from the drive ture T^, throttle valve opening angle 8 m vehicle running 
wheels to the engine 10 through the automatic transmission speed V, cooling water temperature T^, operating state BK 
14 even while the vehicle is coasting with the accelerator of the braking system, input shaft speed N w (N cc >), shift 
pedal 50 held in the non-operated position. During the lever position and oil temperature T OIL are fed to an 
coasting run of the vehicle in this condition, therefore, an 40 electronic engine control device 76 and/or an electronic 
engine brake will not be applied to (be vehicle. When the transmission control device 78. 

automatic transmission 14 is placed in the 2nd-speed posi- As shown in FIG. 4, the shift lever 72 has a PARKING 

tion "2nd" during coasting of the vehicle, the clutch CO is position "P", a REVERSE position "R", a NEUTRAL 

similarly placed in the released state, to permit a slipping position "N", and the above-indicated DRIVE position "D", 

action of the one-way clutch F0. As described above, the 45 MANUAL position "M", 3RD position "3", 2ND position 

clutch F2 is placed in the released state during coasting of "2" and LOW position "L", which are arranged in the 

the vehicle with the automatic transmission 14 placed in the running or longitudinal direction of the vehicle such that the 

lst-speed position "1st". Thus, the one-way clutch F2 func- MANUAL position "M" and the 3RD position "3" are 

tions as a frictional coupling device which is placed in the spaced from the position of the straight row of the other 

engaged state to place the automatic transmission 14 in a 50 positions "P", M R", "N", "D", "2" and "L" in the lateral 

power transmitting state while the vehicle is driven with the direction of the vehicle. The shift lever 72 is supported such 

output of the engine 10, and in the released state to place the that the MANUAL position "M" and the 3RD position "3" 

automatic transmission 14 in a power disconnecting state are selected by moving the shift lever 72 in the lateral 

while the vehicle is coasting with a kinetic energy of the direction of the vehicle from the row of the other positions, 

vehicle. Described more specifically, the one-way clutch F2 55 The shift lever 72 is operatively connected to a manual valve 

function as a frictional coupling device which is engaged to (not shown) incorporated in the hydraulic control circuit 84, 

permit the automatic transmission 14 placed in the lst-speed so that the manual valve is mechanically operated by the 

position "1st" to transmit the engine output to the drive shift lever 72. 

wheels to drive the vehicle while the accelerator pedal 50 is As shown in FIG. 5, a steering wheel 82 provided on the 

depressed, but is released during coasting of the vehicle with 60 vehicle has a pair of shift-down switches 86D partly exposed 

the accelerator pedal 50 in the non-operated position, to on its upper surface such that the switches 86D can be 

inhibit the automatic transmission 14 in the lst-speed posi- manually depressed in a direction away from the vehicle 

tion "1st" from transmitting a power or torque from the drive operator, to shift down the automatic transmission 14, and a 

wheels to the engine 10, that is, to inhibit the application of pair of shift-up switches 86U partly exposed on its lower 

an engine brake to the vehicle. 65 surface such that the switches 86U can be manually 

As shown in FIG. 3, an accelerator sensor 51 is provided depressed in a direction toward the vehicle operator, to shift 

to detect an operating amount A^ of the accelerator pedal up the automatic transmission 14. These shift-down and 
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shift-up switches 86D, 86U are operable when the transmis- 
sion control device 78 is placed in a manual shift mode 
which is established while the shift lever 72 is placed in the 
MANUAL position "M". In this manual shift mode, the 
hydraulic control circuit 84 is electrically controlled accord- 
ing to the output signals from the shift-down and shift-up 
switches 86D, 86U, to shift the automatic transmission 14. 

The electronic engine control device 76 shown in FIG. 3 
is a so-called microcomputer incorporating a central pro- 
cessing unit (CPU), a random-access memory (RAM), a 
read-only memory (ROM), and an input and output inter- 
face. The CPU operates to process input signals according to 
control programs stored in the ROM, while utilizing a 
temporary data storage function of the RAM. The control 
programs include: a program for controlling a fuel injection 
79 for controlling the amount of mel injection into the 
engine 10; a program for controlling an ignitor 80 for 
controlling the ignition timing of the engine 10; a program 
for controlling the ISC valve 53 for controlling the idling 
speed of the engine 10; and a program for controlling the 
throtde actuator 54 for performing a traction control by 
controlling the output of the engine 10, irrespective of the 
operating amount A cc of the accelerator pedal 50, so as to 
prevent excessive slipping of the drive wheels during start- 
ing and acceleration of the vehicle. The control programs 
executed by the engine control device 76 further include a 
program for controlling the throttle actuator 54 on the basis 
of the operating amount A^ of the accelerator pedal 50 and 
according to a predetermined relationship between the oper- 
ating amount A cc and the opening angle Q T/f of the throttle 
valve 56. This relationship, which is stored in the ROM, is 
formulated such that the opening angle Q TM of the throttle 
valve 56 increases with an increase in the operating amount 
A cc , as indicated by the graph of FIG. 6, by way of example. 
The control programs further include a program for control- 
ling the throttle valve 56 to effect an engine output increase 
control for temporarily increasing the output of the engine 
10, for the purpose of improving an acceleration response of 
the vehicle when the operating amount A,. c of the accelerator 
pedal 50 is increased to accelerate the vehicle during coast- 
ing of the vehicle with the automatic transmission 14 placed 
in the "lst-speed position "1st" which has been selected as 
a result of a shift-down action of the automatic transmission 
14. The engine control device 76 is connected to the 
transmission control device 78, such that each of these 
control devices 76, 78 can receive required signals or data 
from the other control device. 

like the engine control device 76, the transmission con- 
trol device 78 is a so-called microcomputer wherein the 
CPU operates to process input signals according to control 
programs stored in the ROM, while utilizing a temporary 
data storage function of the RAM. The control programs 
include programs for controlling various solenoid-operated 
valves and linear solenoid valves SL1, SL2, SL3, SL4, SLU, 
SLT and SLN incorporated in the hydraulic control circuit 
84, to shift the automatic transmission 14 and control the 
lock-up clutch 24. The automatic transmission 14 is shifted 
up or down on the basis of the detected opening angle 0 r// 
of the throttle valve 56 and the detected running speed V of 
the vehicle, and according to predetermined shift-up and 
shift-down boundary lines stored in the ROM. As indicated 
in the graph of FIG. 7, each of these boundary lines 
represents a relationship between the throttle valve opening 
angle Q TH and the vehicle speed V. Whether the automatic 
transmission 14 should be shifted down or up is determined 
depending upon a movement of a point defined by the 
currently detected opening angle G r// and speed V, relative 
to the shift-up and shift-down boundary lines. 
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The boundary lines used by the transmission control 
device 78 consist of a l-*2 shift-up line, a 2-*3 shift-up line, 
a 3— »4 shift-up line and a 4-»5 shift-up lines, which are 
indicated by solid lines in FIG. 7, and a 2-*l shift-down 

5 line, a 3-*2 shift-down line, a 4-*3 shift-down line and a 
5-»4 shift -down line, which are indicated by broken lines in 
FIG. 7 and which are on the lower speed side of the 
respective shift-up lines. When the vehicle speed V is 
lowered so as to move across the 2->l shift-down line while 

10 the vehicle is coasting as a result of a movement of the 
accelerator pedal 50 to its fully released or non-operated 
position, the transmission control device 78 commands the 
automatic transmission 14 to be shifted down from the 
2nd-speed position "2nd** to the lst-speed position "1st". It 

15 will be understood from the table of FIG. 2 that this 
shift-down action is effected by placing the clutches CO and 
CI in the engaged state when the shift lever 72 is placed in 
the DRIVE position "D", or by placing the clutches CO and 
CI and the brake B4 in the engaged state when the shift lever 

20 72 is placed in any one of the engine braking positions 
indicated above. 

The transmission control device 78 functions as the 
cooperative control apparatus for controlling the engine 10 
as well as the automatic transmission 14, so as to control the 

25 vehicle such that the control of the engine 10 is coordinated 
with the control of the automatic transmission 14. Referring 
to the block diagram of FIG. 8, there will be described 
various functional means incorporated in the cooperative 
control apparatus in the form of the transmission control 

30 device 78. 

The transmission control device 78 includes shift control 
means 100, control initiating condition determining means 
102, engine output increase control means 116, and control 
terminating condition determining means 118, as indicated 

35 in FIG. 8. The shift control means 100 is adapted to select 
one of the forward drive positions "1st", "2nd", "3rd", "4th" 
and "5 th " of the automatic transmission 14 on the basis of the 
detected vehicle speed V and the opening angle d TH of the 
throttle valve 56 and according to the stored shift-up and 

40 shift-down boundary lines shown in FIG. 7. The opening 
angle 8 r// of the throtde valve 56 represents the load 
currently acting on the engine 10, or the output of the engine 
10 currently desired by the vehicle operator. In this sense, 
the opening angle 0 r/f used to select the forward drive 

45 position of the automatic transmission 14 may be replaced 
by any other parameters representative of the operator's 
desired engine output, such as the operating amount A^ of 
the accelerator pedal 50, the intake air quantity Q and the 
fuel injection amount. The shift control means 100 controls 

so the hydraulically operated frictional coupling devices 
(clutches C0-C2, brakes B0-B4, and one-way clutches 
F0-F2) so as to establish the selected forward drive position 
of the automatic transmission 14, as indicated in the table of 
FIG. 2. 

55 For instance, the shift control means 100 controls the 
clutches CO and CI, or the clutches CO and CI and the brake 
B4 to effect the 2-*l shift-down action of the automatic 
transmission 14 when the vehicle speed V is lowered so as 
to move across the 2-»l shift-down line while the vehicle is 

60 coasting as a result of a fully releasing operation of the 
accelerator pedal 50 to its non-operated position. As 
explained above, the 2-*l shift-down action is effected by 
placing the clutches CO and CI in the engaged state when the 
shift lever 72 is placed in the DRIVE position "D", or by 

65 placing the clutches CO and CI and the brake B4 in the 
engaged state when the shift lever 72 is placed in any engine 
braking position. In the engine braking position, the brake 
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B4 is engaged for the purpose of inhibiting slipping of the shift-down action of the automatic transmission 14 to the 

one-way clutch F2. lst-speed position has been completed with a predetermined 

The control initiating condition determining means 102 is time having passed after the moment of generation of the 

operated during coasting of the vehicle with the automatic shift-down command, namely, whether the frictional cou- 

transmission 14 placed in the lstspeed position and with the 5 pling device B3, B2, C2 or BO which should be released to 

one-way clutch F2 placed in the released state. The control effect the shift-down action has been completely or fully 

initiating condition determine means 102 determines released. The pre-shift-up-initiation determining means 110 

whether a control initiating condition for initiating the is arranged to determine whether the shift-up action from the 

engine output increase control indicated above (an engine lst-speed position "1st" has not been substantially initiated, 

output increase control routine ilkistrated in the flowchart of 10 immediately after the moment of generation of the shift-up 

FIG. 10) is satisfied. Described in detail, the control initi- command, that is, whether the frictional coupling device 

ating condition determining me»s 102 determines that the which should be engaged to effect the shift-up action has not 

control initiating condition is satisfied when all of the been engaged to such an extent that permits the frictional 

following five conditions (l)-(5) have been satisfied: coupling device to have a torque capacity. The vehicle 

(1) a condition that the accelerator pedal 50 has been 15 acceleration determining means 112 lis arranged to determine 
depressed to accelerate thevehicle; ^ heth ^ r lhc j value dV/dt of the vehicle is lower 

. , , _ , _ , than the predetermined lower limit. If it is determined that 

(2) a condition that the input shaft speed NCO of the aU f ^ fiye m ^sted, the control initiating 
automatic transmission ,14 . . lower than a calculated conditioD deten ^ g means 102 determmes that the control 
value (N 0 ^l-C) where H pur represents the out- 2Q to ^ tttWtoA 

put shaft speed of the automatic transmission 14, yl ^ ^ increase control means 116 fe ed 

represents the speed ratio of the lst-speed position when the 

"1st' of the automatic transmission (i.e., N«£W nas determined that the control initiating condition has been 

during vehicle running w* the engine output), and satisfied ^ ^ CQntrol mean$ m fa 

-C- represents a predetermined first constant; 1$ ^ ngcd iQ a£ ^ ate ^ ^ ^ 

(3) a condition that the shift-<kfwn action of the automatic engine control device 76, so as to increase the opening angle 
transmission 14 to the la-speed position (from the ^ of mc throttle valve 56, until the control terminating 
2nd-speed, 3rd-speed, 4th^peed or 5th-speed position condition determining means 118 has determined that a 
"2nd", "3rd", "4th", "5th") bas been completed with a CODtrol terminating condition for terminating the engine 
predetermined time havingpassed after the moment of 30 output [ ncc&3LSG control has been satisfied. With this engine 
generation of the shift-down command, namely, a con- ouEput increase control by the engine output increase control 
dition that the frictional coupling device B3, B2, C2 or means n6 me output of ^ ea gine 10 is made larger than 
B0 which should be released to effect the shift-down wnen tne contro l initiating condition is not-satisfied. A 
action has been completely or fully released; maximum amount A8 r/f of increase of the opening angle 

(4) a condition that if the automatic transmission 14 has 35 8 m (which corresponds to a maximum amount D of 
been shifted up from the ldt-speed position "1st" after increase of the engine output) and a maximum increase 
the shift-down action to thisposition "1st", this shift-up period Aduring which the opening angle 8^ is increased are 
action has not been substantially initiated or effected, predetermined so as to reduce a delay in a response to the 
immediately after the moment of generation of the operation of the accelerator pedal 50 to accelerate the 
shift-up command, that By the frictional coupling 40 vehicle during its coasting run following the shift-down- 
device which should be engaged to effect the shift-up action of the automatic transmission 14 to the lst-speed 
action has not been engagpd to such an extent that position "1st". Described more specifically, the maximum 
permits the frictional coupling device to have a torque increase amount A6 r/f th e maximum increase period A 
capacity; and are predetermined (a) so that the input shaft speed U co of 

(5) a condition that an acceleration value dV/dt of the 45 the automatic transmission 14 in the process of increase of 
vehicle is lower than a predetermined lower limit. the opening angle Q Tff does not exceed the synchronizing 

To determine whether the conditions (l)-(5) have been speed (N oc ^xy1), (b) so that the output of the engine 10 is 
satisfied or not, the control initialmg condition determining kept increased with an increase in the opening angle Q Tff , 
means 102 incorporates accelerator operation detecting while the input shaft speed N co after the shift-down action 
means 104, first input shaft speed determining means 106, 50 to the lst-speed position "1st" is not higher than the syn- 
shift-down completion determining means 108, pre -shift- chronizing speed (^ OUT >ql) of the lst-speed position "1st" 
up-initiation determining means 110, and vehicle accelera- of the automatic transmission 14, that is, until the input shaft 
tion determining means 112. The accelerator operation speed N co has been raised to a value close to the synchro- 
detecting means 104 is arranged to determine whether the nizing speed, and (c) so that the opening angle 0 m (engine 
accelerator pedal 50 has been depressed to accelerate the 55 output) is increased (by an amount up to the maximum 
vehicle during coasting of the vehicle with the automatic amount A6 r// ) at a predetermined suitable rate and is 
transmission 14 placed in the lst-speed position "1st". This reduced at a predetermined suitable rate from the increased 
determination is effected on the basis of the detected oper- value to the original value. 

ating amount Ac C of the accelerator pedal 50, the detected The engine output increase control means 116 includes 

opening angle d TH of the throttle valve 56 or the output 60 increase amount determining means 120 and output chang- 

signal of the idling detector switch of the throttle sensor 64. ing means 122. The increase amount determining means 120 

The first input shaft speed determining means 106 is is arranged to determine the maximum amount A0 7/f of 

arranged to detect the input shaft speed N co of the automatic increase of the opening angle 8 r// of the throttle valve 56 on 

transmission 14 from time to time, and determine whether the basis of a difference between the synchronizing speed 

the detected input shaft speed is lower than the above- 65 (N OUT x?(l) of the lst-speed position "1st" and the input shaft 

indicated value (N OUJ xyl-C). The shift-down completion speed N co during the vehicle coasting, and according to the 

determining means 108 is arranged to determine whether the predetermined relationship between the maximum increase 
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amount AOj^ and the difference (N OU 7Xy1)-N CC7 . This rea< * id aQ d process various input signals received from the 

relationship, which is stored in the ROM of the transmission various sensors, and calculate the synchronizing speed 

control device 78, is determined such that the maximum (N OLrr XYl) of the lst-speed position "1st**, on the basis of 

increase amount AB TIi increases with an increase in the the detected output shaft speed N OUT and the speed ratio yl 

difference, as shown in FIG. 9. The output changing means 5 of the lst-speed position "1st". 

122 is arranged to increase the opening angle 8 r// at the Step SA2 is followed by step SA3 to determine whether 

predetermined rate by an amount up to the maximum an UNDER CONTROL flag T TR q UP indicating that the 

amount A9 r// , hold the opening angle § TH at the increased engine output increase control is being effected is set at "1" 

value (STH+AOj^), for a given time, and reduce the opening or not. In the first cycle of execution of the routine of FIG. 

angle Q TIf at the predetermined rate after the control termi- 10 10, a negative decision (NO) is obtained in step A3, and the 

nating condition determining means 118 has determined that control flow goes to step SA4 which corresponds to the 

the control terminating condition has been satisfied. Thus, control initiating condition determining means 102 

the output of the engine 10 is increased by an amount up to described above. An affirmative decision (YES) is obtained 

the maximum amount D corresponding to the maximum in step SA4 when all of the five conditions (l)-(5) described 

amount AQ TIf . The increase of the opening angle Q TH is 15 above have been satisfied. 

terminated even before it is increased by the maximum Initially, a negative decision (NO) is obtained in step SA4, 

amount &Q rH , if the control tenninating condition is satisfied and the control flow goes to step SA8 to determine whether 

before the opening angle 9 ro has been increased by the the UNDER CONTROL flag V mQUJ > is set at "1". Initially, 

maximum amount A8 ri/ to a maximum value max(6 77/ , a negative decision (NO) is obtained in step SA8, and one 

A6 rif ). The rates at which the opening angle Q TH is increased 20 cycle of execution of the routine is terminated. The negative 

and reduced by the output changing means 122 are deter- decision (NO) is obtained step SA8 up to a point of time t2 

mined so that an exhaust gas processing device provided for indicated in FIG. 11. In the specific example of FIG. 11, the 

the engine 10 will not be overloaded due to a change in the brake pedal is held depressed to apply a brake to the vehicle 

intake air quantity during a change in the opening angle 0^. with the accelerator pedal 50 held in the non-operated 

The control terminating condition determining means 118 25 position. At a point of time tO in FIG. 11, the shift-down 

includes time lapse monitoring means 124, second input command to shift down the automatic transmission 14 from 

shaft speed determining means 126 and accelerator non- the 2nd-speed position "2nd" to the lst-speed position "1st" 

operation detecting means 128. The time lapse monitoring is generated by the shift control means 100 as a result of a 

means 124 is arranged to determine whether a time T^ after drop of the running speed V of the vehicle. During a time 

the moment of initiation of the engine output increase 30 period between tl and t2, the vehicle is running in a coasting 

control by the engine output increase control means 116 to mode with the one-way clutch F2 held in the released state, 

increase the output of the engine 10 has exceeded a prede- with neither an engine torque or power being transmitted to 

termined threshold, that is, the predetermined maximum the drive wheels through the automatic transmission 14, nor 

increase period A indicated above. The second input shaft a kinetic energy being transmitted from the drive wheels to 

speed determining means 126 is arranged to determine 35 the engine 10 through the automatic transmission 14, 

whether the input shaft speed N co of the automatic trans- namely, without an engine brake being applied to the 

mission 14 has been raised above a value {(N^^yl)-!}}, vehicle. 

where "B" represents a predetermined second constant If an affirmative decision (YES) is obtained in step SA4, 

smaller than the above-indicated first constant C. The accel- the control flow goes to step SA5 to set the UNDER 

erator non-operation detecting means 128 is arranged to 40 CONTROL flag ^trqup to "1" and clear a time counter 

determine whether the accelerator pedal 50 has been £-trqup which measures a time after the affirmative decision 

returned to the non-operated position. If any one of these (YES) is obtained in step SA4, that is, after the moment of 

means 124, 126, 128 obtains an affirmative decision, the initiation of the engine output increase control. Step SA5 is 

control terminating condition determining means 118 deter- followed by step SA8. In this case wherein the UNDER 

mines that the control tenninating condition has been satis- 45 CONTROL flag ^trqup is set at "1", an affirmative decision 

fied. In this case, the engine output increase control means (YES) is obtained in step SA8, and the control flow goes to 

116 terminates the engine output increase control. In other step SA9 to generate an engine output increase command for 

words, the engine output increase control means 116 con- activating the engine output increase control means 116 to 

tinues the engine output increase control until the control increase the output of the engine 10. Namely, the maximum 

terminating condition determining means 118 has deter- 50 increase amount A6 r// of the opening angle Q TH of the 

mined that the control terminating condition has been sat- throttle valve 56 to obtain the maximum increase amount D 

isfied. of the engine output is determined on the basis of the 

Referring next to the flowchart of FIG. 10, there will be difference between the synchronizing speed (N ot ^xyl) of 

described the engine output increase control routine which is the lst-speed position "1st" calculated in step SA2, and the 

executed by the transmission control device 7 to temporarily 55 currently detected input shaft speed N cc> (during coasting of 

increase the output (torque) of the engine 10 for the purpose the vehicle), and according to the stored predetermined 

of improving the drivability of the vehicle upon an operation relationship of FIG. 9 between the difference and the maxi- 

of the accelerator pedal 50 to accelerate the vehicle during mum increase amount &Q TIi . Then, the increase of the 

coasting of the vehicle with the shift lever 72 placed in the opening angle Q TH is initiated. The opening angle Q TH is 

DRIVE position "D". 60 increased at the predetermined rate. The maximum increase 

The engine output increase control routine of FIG. is amount A9 Ti/ is determined only when step SA9 is imple- 

initiated with step SA1 to determine whether the vehicle is mented for the first time. 

running with the automatic transmission 14 placed in the When the next cycle of execution of the routine is 

lst-speed position "1st". If a negative decision (NO) is executed, an affirmative decision (YES) is obtained in step 

obtained in step SA1, one cycle of execution of the present 65 SA3, and the control flow goes to step SA6 which corre- 

routine is terminated. If an affirmative decision (YES) is sponds to the control terminating condition determining 

obtained in step SA1, the control flow goes to step SA2 to means 118 described above. An affirmative decision (YES) 
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is obtained in step SA6, namely, the control terminating (increase of the throttle opening angle B TN ) implemented in 

condition is satisfied, when any one of the time lapse step SA9 is effective enough to improve the acceleration 

monitoring means 124, second input shaft speed determin- performance of the vehicle upon an operation of the accel- 

ing means 126 and the accelerator non-operation detecting erator pedal 50 during vehicle coasting. This value C is 

means 128 has obtained the affirmative decision. 5 determined by experimentation. In this respect, it is noted 

When step SA6 is implemented for the first time, a that the engine output increase control would not be so 

negative decision (NO) is obtained, and the control flow effective to improve the acceleration performance if it were 

goes to step SA9 through step SA8. Steps SA1, SA2, SA3, effected when the input shaft speed N co is relatively close 

SA6, SA8 and SA9 are repeatedly implemented to continu- to the synchronizing speed (N oia xyl), namely, when the 

ously increase the opening angle Q TH of the throttle valve 56 10 difference {(N ot7T xYl)-N co } is smaller than tie predeter- 

by controlling the throttle actuator 54, to thereby increase mined first constant C. In this condition, the vehicle can be 

the engine output, until the affirmative decision (YES) is accelerated with a satisfactory response, and it is not nec- 

obtained in step SA6. If the opening angle 8 r/f has been essary to effect the engine output increase control, which 

increased by the predetermined maximum amount A6 r// may induce an undesirable shock to the automatic transmis- 

determined in step SA9 when this step was implemented for 15 sion 14 when the input shaft speed N co has been raised to 

the first time, that is, if the opening angle 6 W has been the synchronizing speed. 

increased to the maximum value max(8 77/ , 6Q TI ^ cor re- On the other hand, the predetermined second constant B 

sponding to the maximum increase amount D of the engine used in step SA6 is determined to detect a vehicle condition 

output, before the maximum increase period A has passed, in which the input shaft speed N co is only slightly lower 

the opening angle 9 m is held at the maximum value 20 than the synchronizing speed (N ot ^xyl)> and m which the 

max(8 ri/ , A&ro) for the remaining time. Thus, the opening engine output increase control in step SA9 may create an 

angle Q Tff is normally increased and held by repeated undesirable state such as a shock given to the automatic 

implementation of step SA9, during the maximum time transmission 14 upon synchronization, 

period A, which is a period between the point of time t2 and As described above, the output of the engine 10 is 

a point of time t3 indicated in FIG. 11. 25 temporarily increased when the accelerator pedal 50 is 

As described above, the control terminating condition is operated to accelerate the vehicle during coasting of the 

satisfied (affirmative decision is obtained in step SA6) when vehicle with the automatic transmission 14 placed in the 

the time T a after the moment of initiation of the engine lst-speed position "1st" and with the shift lever 72 placed in 

output increase control has exceeded the predetermined the DRIVE position "D". As a result, the input shaft speed 

threshold A(maximum increase period A), or when the input 30 Nco of the automatic transmission 14 which is initially 

shaft speed N co has been raised above the predetermined considerably lower than the synchronizing speed (N OLf7 *Yl) 

value {(N gi/7 xy1)-B}, or when the accelerator pedal 50 has of the lst-speed position "1st" is more rapidly raised as 

been returned to the non-operated position. In the latter two indicated by solid line in FIG. 11, than in the prior art 

cases, the engine output increase control is usually termi- arrangement wherein the engine output control is not 

nated before the maximum increase period A has expired. 35 effected, as indicated by broken line in the same figure. 

When the affirmative decision (YES) is obtained in step Accordingly, the input shaft speed N co can be raised to the 

SA6, the control flow goes to step SA7 to reset the UNDER synchronizing speed (N ot ^xyl) in a shorter length of time 

CONTOOLflagF^^pto^'^ndtostepSAS.Inthiscase, as indicated by the engine output increasing period T^ 

a negative decision (NO) is obtained in step SA8, and the which expires at the point of time t4. At this point of time 

engine output increase control is terminated. 40 t4, the one-way clutch F2 is fully engaged to inhibit racing 

The maximum increase period A (threshold of the time of the ring gear R3, so that the automatic transmission 14 

T^ which has passed after the moment of initiation of the which has been placed in the power disconnecting state is 

engine output increase control) is determined so that the placed in the power transmitting state, for thereby acceler- 

output of the engine 10 is increased during an engine output ating the vehicle with the engine output. Thus, the vehicle 

increase period TRE in which the input shaft speed Nco of 45 acceleration response time as expressed by the engine output 

the automatic transmission 14 is lower than the synchroniz- increasing period T^ is made significantly shorter than a 

ing speed (Nourxyl), that is, until the input shaft speed N co response time T nE1 according to the prior art arrangement, 

has been raised to the synchronizing speed. The period T^ In the present embodiment which has been described, the 

expires at a point of time t4 indicated in FIG. 11. The thus output of the engine 10 is increased when the control 

determined maximum increase period A of the throttle 50 initiating condition determining means 102 (step SA4) 

opening angje d TH assures not only an improved response to determines that the engine output increase initiating condi- 

an operation of the accelerator pedal 50 during a costing run tion has been satisfied as a result of an operation of the 

of the vehicle, but also prevention of a shock given to the accelerator pedal 50 during coasting of the vehicle with the 

automatic transmission 14 due to the temporary increase of one-way clutch F2 held in the released state. Namely, the 

the engine output when the input shaft speed N co has been 55 engine output is made larger than when the determining 

raised to the synchronizing speed (N otrr xyl). Further, the means 102 does not determine that the engine output 

maximum increase amount A9 r// of the throttle opening increase control initiating condition has been satisfied, 

angle Q rff (maximum increase amount D of the engine Accordingly, the time T^ required for the input shaft speed 

output) is determined on the basis of the difference {(N ol/T x N co of the automatic transmission 14 to be raised to the 

Yl)-N co } and according to the relationship of FIG. 9, so 60 synchronizing speed (N out xy1) can be reduced, so that the 

that the input shaft speed N co will not exceed the synchro- time required for the automatic transmission 14 to be able to 

nizing speed (N oiyr xYl) in the process of increase of the transmit a power to accelerate the vehicle by engagement of 

throttle opening angle Q Tff > namely, so as to prevent the the one-way clutch F2 can be accordingly reduced, resulting 

above-indicated shock of the automatic transmission 14. in an improved degree of drivability of the vehicle as felt by 

The predetermined first constant C used in step SA4 is 65 the vehicle operator, 

determined Id determine whether the difference {(N OLrr x The present embodiment is further advantageous in that 

yl)-tt co } is so large that the engine output increase control the engine output increase control means 116 (SA9) is 
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arranged to increase the opening angle 6^ of the throttle The present embodiment is also advantageous in that the 

valve 56 for increasing the output of the engine 10, so as to control initiating condition determining means 102 (SA4) is 

prevent the input shaft speed N co from exceeding the arranged to determine that the control initiating condition is 

synchronizing speed (N ot/7 *yl) which is a product of the satisfied, only while the acceleration value of the vehicle is 

output shaft speed and the speed ratio yl of the 5 lower than the predetermined lower limit. Thus, the present 

lst-speed position "1st" in which the automatic transmission arrangement prevents the engine output increase control 

14 is actually placed during the vehicle coasting. after the vehicle has been sufficiently accelerated, for some 

Accordingly, the late of increase of the input shaft speed reason or other. 

Nco will not De suddenly lowered upon engagement of the The present embodiment is further adapted to continue the 

one-way clutch E2, so that an engaging shock of the one- 10 engine output increase control until the control terminating 

way clutch F2 can be suitably eliminated. condition 116 (SA6) determines that the control terminating 

The present embodiment is also advantageous in that the condition is satisfied. The control terminating condition 116 

engine output increase control means 116 (step SA9) is is arranged to determine that the control terminating condi- 

arranged to increase the throttle opening angle Q TM so that tion is satisfied, when the time lapse after the moment of 

the output of the engine 10 is increased until the input shaft 15 initiation of the engine output increase control has exceeded 

speed N co of the automatic transmission 14 has been raised the predetermined maximum increase period A, and/or when 

to the synchronizing speed (N ot ^xyl) of the lst-speed the input shaft speed N co of the automatic transmission 14 

position "1st". Therefore, the input shaft speed N co can be has been raised above the synchronizing speed (N OUJ xyl) 

rapidly raised by an optimum amount, that is, raised to a minus the predetermined second constant B, and/or when 

level sufficiently dose to the synchronizing speed (N OUT x 20 the accelerator pedal 50 has been returned to the fully 

yl), so as to effectively improve the vehicle accelerating released or non-operated position. Thus, the engine output 

response. increase control is restricted in terms of the time period of 

The present embodiment has a further advantage of the increase and the input shaft speed N c<? , and is prevented 

avoiding an unnecessary operation to increase the engine when the vehicle operator does not have an intention to 

output, and assuring the initiation of the engine output 25 accelerate the vehicle after the automatic transmission 14 

increase control shortly before the input shaft speed N co of has been shifted down to the lst-speed position "1st", 

the automatic transmission 14 has reached the synchronizing The present embodiment is also advantageous in that the 

speed (N^t^xyl), so that an engaging shock of the auto- engine output increase control means 116 is arranged to 

matic transmission 14 can be suitably prevented. Namely, increase the output of the engine 10 by an amount up to the 

the control initiating condition detenriining means 102 30 maximum amount D at a predetermined suitable rate, hold 

(SA4) is arranged to determine that the control initiating the engine output at the increased value for a predetermined 

condition is satisfied, only when the input shaft speed N co time (before expiration of the maximum increase period A), 

is lower than the synchronizing speed (N^j^yl) minus the and reduce the engine output at a predetermined suitable rate 

predetermined first constant C, and the engine output after the control terminating condition determining means 

increase control means 116 (SA9) is arranged to increase the 35 118 has determined that the control terminating condition is 

output of the engine 10 as long as the control initiating satisfied. This arrangement is effective to avoid an abrupt 

condition deterrnining means 102 determines that the control increase or decrease in the intake air quantity Q of the engine 

initiating conditioo is satisfied. Accordingly, the engine 10, thereby preventing an increase in the concentration of 

output increase control is not effected while the input shaft noxious gases in the exhaust emission. This arrangement is 

speed Nco is higher than the synchronizing speed (N ol ^x 40 particularly effective where the engine 10 has a relatively 

ql) minus the predetermined first constant C. large displacement, and a high tendency of air intake delay. 

The present embodiment is further advantageous in that Further, the engine output increase control means 116 

the control initiating condition detenriining means 102 includes the increase amount determining means 120 

(SA4) is arranged to determine that the control initiating arranged to increase the maximum increase amount D with 

condition is satisfied, only when the 2-»l shift-down action 45 an increase in the difference {(N OU7 xyl)-N co } between the 

of the automatic transmission 14 has been substantially calculated synchronizing speed (N ot/r xyl) and the detected 

completed. That is, the initiation of the engine output input shaft speed N co , according to the predetermined 

increase control is avoided when the brake B3, B2, or clutch stored relationship of FIG. 9, so that the output of the engine 

C2 or brake B0 which should be engaged to complete the 10 is increased by an amount up to the determined maximum 

2-»l, 3-*l, 4->l or 5-*l shift-down action is still partially 50 increase amount D determined by the increase amount 

released or or slipping. determining means 120. Accordingly, the engine output is 

The present embodiment is further advantageous in that increased by an appropriate amount corresponding to the 

the control initialing condition determining means 102 difference {(N OUT xyl)-N co }, to assure a sufficiently high 

(SA4) is arranged to determine that the control initiating degree of accelerating response of the vehicle while avoid- 

condition is satisfied, only when the shift-up action from the 55 ing a shock of the automatic transmission 14 upon engage- 

lst -speed position "1st" following the shift -down action to ment of the one-way clutch F2. 

the lst-speed position "1st" has not been substantially While the presently preferred embodiment of this inven- 

initiated, namely, only when the brake B3 which should be tion has been described above by reference to the drawings, 

engaged to effect the shift-up action to the 2nd-speed posi- it is to be understood that the invention may be otherwise 

tion "2nd" has not been substantially engaged. According to 60 embodied. 

this arrangement, the engine output increase control is For instance, the first embodiment wherein the engine 

effected even after the generation of a command to shift-up output is increased during vehicle coasting with the auto- 

the automatic transmission from the lst-speed position matic transmission 14 is placed in the lst-speed position 

"1st", until the factional coupling coupling device in the "1st" may be modified so as to effect the engine output 

form of the brake B3 has been substantially engaged. In 65 increase control during vehicle coasting while the automatic 

other words, the engine output increase control is not transmission 14 is placed in the 2nd-speed or higher speed 

continued after the brake B3 has been substantially engaged. forward drive position. 
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In the first embodiment, the one-way clutch F2 functions 
as a fractional coupling device which is released during 
vehicle coasting with the automatic transmission 14 placed 
in the Ist-speed position "1st", to place the automatic 
transmission 14 in the power disconnecting state. However, 
the one-way clutch F2 may be replaced by a hydraulically 
operated brake or clutch which is adapted to be released 
during vehicle coasting. 

In the first embodiment, the engine output increase con- 
trol means 116 is adapted to temporarily increase the output 
of the engine 10 by controlling the throttle actuator 54 as 
described above. However, the engine output increase con- 
trol means may be adapted to increase the engine output by 
controlling the throttle actuator 54 according to an engine 



10 



condition is satisfied, when all of the five conditions (l)-(5) 
described above have been satisfied, the determining means 
102 may be modified to determine that the control initiating 
condition is satisfied, when at least one of those five con- 
ditions (l)-(5) has been satisfied, or when any other condi- 
tion or conditions has/have been satisfied. 

While the automatic transmission 14 in the illustrated 
embodiments has the five forward drive positions, it may 
have less than or more than five forward drive positions, or 
instance four or six forward drive positions. Although the 
electronic transmission control device 78 is assigned to 
execute the engine output increase control routine illustrated 
in the flow chart of FIG. 10, the electronic engine control 
device 76 or a computer independent of the transmission and 
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acceptor pedal 50, upon an operation of the aoESerator ™*>" lDcrease contro1 accordul g "> the P reseDt 

pedal 50 during vehicle coasting, in place of the normal invention. 

relatiorehip of FIG. 6. An example of the engine output li 15 t0 understood that the present invention may be 

increase relationship used in this modified embodiment is embodied with various other changes, modifications and 
shown in the graph of FIG. 12. The relationship of FIG. 12 20 improvements, which may occur to those skilled in the art, 
is formulated such that the throttle opening angle 8 ri/ is held 
constant at a predetermined value larger than zero, while the 
operating amount A cc of the accelerator pedal 50 is within 
a range between zero and a predetermined value. By chang- 
ing the relationship from that of FIG. 6 to that of FIG. 12, 25 
the engine output is temporarily increased when the accel- 
erator pedal 50 is operated from the non-operated position to 
accelerate the vehicle during coasting of the vehicle. 

While the embodiments of FIGS. 1-11 and FIG. 12 use 
the throttle valve 56 to temporarily increase the output of the 30 
engine 10, the ISC valve 53 or the fuel injection valve 79 
may be used to effect the engine output increase control 
according to the present invention. Alternatively, the engine 
output can be increased by temporarily reducing the load 



without departing from the spirit and scope of the invention 
defined in the following claims. 
What is claimed is: 

1. A cooperative control apparatus for controlling an 
automotive vehicle, so as to effect a cooperative control of 
an automatic transmission and a drive power source which 
produces an output to drive the vehicle through said auto- 
matic transmission, said automatic transmission incorporat- 
ing a frictional coupling device which is engaged to place 
said automatic transmission in a power transmitting state, 
during power driving of the vehicle with the output of said 
drive power source, and is released to place said automatic 
transmission in a power disconnecting state, during coasting 
of the vehicle, said cooperative control apparatus compris- 



acting on the engine 10, for instance, by releasing a clutch 35 m g : 



which is engaged to connect an air conditioner compressor 
or any other optionally operated device to the engine 10. 
Where the drive power source provided on the vehicle is a 
hybrid drive source including an electric motor and an 
engine, or consists of only an electric motor, the output of 40 
the electric motor may be temporarily increased upon an 
operation of the accelerator pedal 50 during coasting of the 
vehicle with the automatic transmission 14 placed in the 
lst-speed or other forward drive position. 

The engine output increase control means 116 in the 45 
illustrated embodiments is adapted to determine the maxi- 
mum increase amount D such that the maximum increase 
amount D increases with an increase in the difference 
{(N OUI *o{l)-N co } according to the predetermined relation- 
ship of FIG. 9. However, the engine output increase control 50 
may be effected according to the principle of this invention 
even where the maximum increase amount is a predeter- 
mined constant value. 

In the illustrated embodiments, the engine output increase 
control is effected during coasting of the vehicle following 55 
the 2-»l shift-down action of the automatic transmission 14 
with the shift lever 72 placed in the DRIVE position "D", 
wherein an engine brake is not applied to the vehicle. The 
engine output increase control according to the present 



control initiating condition determining means for deter- 
mining whether a control initiating condition required 
to initiate an output increase control for temporarily 
increasing said output of said drive power source is 
satisfied or not, depending upon whether an operation 
to accelerate the vehicle is performed during said 
coasting of the vehicle while said frictional coupling 
device is placed in a released state; and 
output increase control means operable when said control 
initiating condition determining means determines that 
said control initiating condition is satisfied, for effect- 
ing said output increase control such that said output of 
said drive power is larger by a predetermined amount 
than when said output increase control is not effected, 
so that said output increase control by said output 
increase control means reduces a time required for said 
frictional coupling device to be engaged to place said 
automatic transmission in said power transmitting state 
for accelerating the vehicle. 
2. A cooperative control apparatus according to claim 1, 
wherein said frictional coupling device is a one-way clutch 
which is placed in an engaged state during said power 
driving of the vehicle, and is placed in said released state 
when an input shaft speed of said automatic transmission is 



invention may be effected in any other coasting condition of 60 lower than a synchronizing speed which is equal to a product 



the vehicle following the 2-»l, 3-*l, 4-*l or 5-*l shift- 
down action which takes place with the shift lever 72 placed 
in the other position or as a result of a manual shifting of the 
automatic transmission 14 and which does not cause an 
engine brake application to the vehicle. 

Although the control initiating condition determining 
means 102 is arranged to determine that the control initiating 



of an output shaft speed of said automatic transmission and 
a speed ratio of a currently established forward drive posi- 
tion of said automatic transmission. 
3. A cooperative control apparatus according to claim 1, 
65 wherein said output increase control means increases said 
output of said drive power source such that an input shaft 
speed of said automatic transmission, in the process of 
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increase of said output of said drive power source, does not initiating condition is satisfied, when said acceleration deter- 

exceed a synchronizing speed which is equal to a product of mining means determines that said acceleration value is 

an output shaft speed of said automatic transmission and a lower than said predetermined lower limit, 

speed ratio of a currently established forward drive position 9. a cooperative control apparatus according to claim 1, 

of said automatic transmission. 5 further comprising control terminating condition determin- 

4. A cooperative control apparatus according to claim 1, mea ns for determining whether a control terminating 
wherein said output increase control means increases said condition required to terminate said output increase control 
output of said drive power source such that said output is of ^ output of said er saum fc satisfied> ^ 
kept increased whfle an input shaft speed of said automatic CQntrol terminalin dete rmining means including 
transmission is not higher than a synchronizing speed which 10 ^ ^ onc rf (a) ^ , monitorin mcans for dctcr . 
is equal to a product of an output shaft speed of said whether a ^ mQment of Qf 

automatic transmission and a speed ratio of a currently . & P . < 

, , . . , - » j . . J an increase of the output of said drive power source has 

established forward dnve position of said automatic trans- , , " T , . y . , . . 

mission exceeded a predetermined maximum increase period, (b) 

5. A cooperative control apparatus according to claim 1, 15 in P ut shaft s P ecd determining means for determining 
wherein said control initiating condition determining means whether an shaft s P eed of **** automatic transmission 
includes input shaft speed determining means for determin- has been raised above a synchronizmg speed minus a 
ing whether an input shaft speed of said automatic trans- predetermined second value, said synchronizing speed being 
mission is lower tban a synchronizing speed minus a pre- equal to a product of an output shaft speed of said automatic 
determined first vahie, said synchronizing speed being equal 20 transmission and a speed ratio of a currently established 
to a product of an output shaft speed of said automatic forward drive position of said automatic transmission, and 
transmission and a speed ratio of a currently established (c) accelerator non-operation detecting means for determin- 
forward drive posMon of said automatic transmission, said ing whether an accelerator pedal which has been depressed 
output increase control means continuing to increase said to perform said operation to accelerate the vehicle during 
output of said drive power source while said input shaft 25 said coasting of the vehicle has been returned to a non- 
speed determining means determines that said input shaft operated position thereof, said control terminating means 
speed is lower than said synchronizing speed minus said determining that said control terminating condition is 
predetermined firslt value. satisfied, when at least one of said time lapse monitoring 

6. A cooperative control apparatus according to claim 1, means, said input shaft speed determining means and said 
wherein said control initiating condition determining means 30 accelerator non-operation detecting means obtains an affir- 
includes shift-down completion determining means for mative decision, said output increase control means con- 
determining whether a shift-down action of said automatic tinuing said output increase control of said output of said 
transmission whicfo has been initiated before said operation drive power source until said control terminating condition 
to accelerate the vehicle during said coasting of the vehicle determining means determines that said control terminating 
has beeu substantially completed, said control initiating 35 condition is satisfied. 

condition determining means determining that said control 10. A cooperative control apparatus according to claim 1, 

initiating condition is satisfied, when said shift-down wherein said output increase control means increases the 

completion determining means detennines that said shift- output of said drive power source by an amount up to a 

down action has been substantially completed. predetermined maximum amount at a predetermined rate, 

7. A cooperative control apparatus according to claim 1, 40 hold said output at the increased value for a period of time 
wherein said control initiating condition determining means which is a difference of a predetermined maximum period of 
includes pre-shift-«p-initiation determining means for deter- increase of said output minus a period of time for which said 
mining whether a fiictional coupling device which should be output has been increased by said predetermined maximum 
engaged to effect a shift-up action of said automatic trans- amount, and then reduce said output at a predetermined rate, 
mission following a shift-down action of said automatic 45 11. A cooperative control apparatus according to claim 1, 
transmission which has been commanded before said opera- wherein said output increase control means includes 
tion to accelerate the vehicle during said coasting of the increase amount determining means for determining a maxi- 
vehicle has not been substantially engaged, said control mum amount of increase of said output of said drive power 
initiating condition determining means determining that said source depending upon a difference between a synchroniz- 
control initiating condition is satisfied, when said pre -shift- 50 ing speed and an input shaft speed of said automatic 
up-initiation detennining means determines that said fric- transmission, said synchronizing speed being equal to a 
tional coupling device which should be engaged to effect product of an output shaft speed of said automatic transmis- 
said shift-up action has not been substantially engaged. sion and a speed ratio of a currently established forward 

8. A cooperative control apparatus according to claim 1, drive position of said automatic transmission, said output 
wherein said control initiating condition determining means 55 increase control means increasing said output of said drive 
includes vehicle acceleration determining means for deter- power source by an amount up to said maximum amount 
mining whether an acceleration value of the vehicle is lower determined by said increase amount determining means, 
than a predetermined lower limit, said control initiating 

condition determining means determining that said control ***** 
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